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Abstract 
During May of the year 2014, intense rainfall was observed in the northern part of Bosnia and Herzegovina, the eastern part of 
Croatia and almost the entire territory of Serbia. In this region, intense rainfalls initiated large numbers of landslides that have 
damaged infrastructure, commercial and industrial buildings. It also undermined the stability of riverbanks, damaged bridges and 
culverts, as well as arable agricultural lands. 
Bosnia and Herzegovina was affected by floods in its northern and eastern part. In the hilly and mountainous terrain, it created a 
large number of landslides, while the plains were affected by overflowing rivers banks caused by floods. The number of 
landslides is not fully registered, but is estimated to amount to several thousands. Other landslides that threaten facilities will be 
researched in order of priority. Yet there are so many, that the greater number would remain unexplored or simply abandoned and 
endangered objects and inhabitants would be moved to a new location. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Landslides in Bosnia and Herzegovina represents constant danger for building structures, considering the 
characteristics of the terrain and human needs to use the terrain in order to adapt the needs to society. Intense rainfall 
is most common triggering factor activated landslides, this happened in various parts of territory, with endangering 
buildings, and important infrastructure (roads, railways, pipelines gas etc.). 
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Degree of their endangerment is minor damage to complete destruction. Generally, consequences are such that it is 
not possible to register all landslides, so only recorded landslides that are related to threats to populations and 
facilities interesting for the community are registered. Other landslides in inaccessible parts or terrain where there is 
no human activities are not fully registered. 
It is characteristic to point out that in certain fields occurred major landslides where their repair goes beyond value 
of objects that are endangered. Yet some of these landslides will be investigated in the following period in order to 
study the causes of their occurrence and behaviour in the future. The paper will show some characteristic landslides 
in various areas of Bosnia and Herzegovina.  
2. Causes of emergence due to landslides activity 
According to the German meteorological service Deutscher Wetterdienst, on May 13, 2014 it was established the 
field of low pressure over the Adriatic Sea, when polar air from Central Europe arrived in the Mediterranean basin. 
The cold polar air masses are intermingled with the moist, warm subtropical air over the Adriatic, which gradually 
led to the development of a strong field of low pressure - cyclone, which slowly shifted over the Balkan. By its 
retention in this area, increased the influence of the warm humid air from the Mediterranean, which gradually 
moved over colder polar air. In doing so, they created the conditions for the emergence of extremely heavy rainfall, 
which affected region of three states. 
Rainfall lasted intensively for four days in amount to 150 - 270 mm and were significantly higher than the average. 
They represent the highest rainfall recorded in the last 120 years, since organized measurements were performed. On 
the field, there was a spill from the riverbed of the watercourse that flows to the river Sava in the north, and the 
Drina River in the eastern part of the state, picture 1. Along the river, flows it was undermined the stability of the 
coastline and the terrain to the point that the most endangered are facilities on the rivers and damaged agricultural 
areas. In the hilly and mountainous parts of the terrain higher amounts of rainfall caused so many landslides that still 
are not all registered. Number of landslides is estimated at several thousand, which in different ways endanger about 
one million inhabitants. Landslides that threaten the objects are registered, while landslides in the terrains that are of 
concern to humans, in the most part are not registered. 
Landslides are a special type of erosion in which the main transmission factor is gravity. They occur on slopes 
where in some depth is a clay layer, which due to excessive wetting becomes slippery, and surface layer soaked with 
water aggravate, lose cohesiveness and starts to slide on the lower clay layer. Landslides can also occur by removing 
of the surface layer of construction works - Directive of the Council of Europe Habitats, No. 92/43/EEC, Bowles, 
(1996), Najdanovic, (1979), Maksimovic, (2005), Nonveiler, (1987). 
Landslides that occurred during intense rainfall are the result of geological processes and human impacts on the 
geological environment in order to adapt to human needs. Increased amounts of rainfall are primarily related to 
climate changes, which according to United Nations Framework Convention would have negative consequences in 
the future. The territory of Bosnia and Herzegovina will, by the end of the XIX century, be more exposed to changes 
in temperature and precipitation. Such oscillations disturb the natural state of balance in the soil, especially in near 
surface part. During the increased temperature it occurs the reduction of moisture at the near surface part of the 
terrain, thereby forming an open pores which may be of depth to 0.5 m. Increased amounts of rainfall fulfils the 
cracks with water and undermines the natural state of balance, i.e. causes changes in the stress state in the soil, 
which are manifested through movement of rock masses along the stable surface. 
The hilly and mountainous parts of the terrain in recent years is exposed to significant disruption of the stability of 
their slopes. There is the illegal construction of buildings, both individual residential buildings and construction of 
local roads and water networks, all without planning documents. Also is present an intense deforestation and 
exploitation of minerals and construction materials. 
Development of urban areas leads to population leaving the rural areas. Houses are abandoned and the land is 
uncultivated. Such facilities and grounds are the most affected and damaged by landslides during the May rainfall. 
At some terrains is clearly noticeable the difference in the developed and undeveloped surfaces. Arranged terrains 
are considered areas that are brought to a particular purpose, primarily to agricultural production. On those terrains 
have been no reports of landslides regardless of the inclination of the slope. If landslides are somewhere present, it is 
161 Nedjo Djuric et al. /  Procedia Earth and Planetary Science  15 ( 2015 )  159 – 164 
of local character. Opposite them on raw fields, which often border with treated surfaces, landslides are present and 
may have greater proportions. 
The twentieth century has been the century of development of human civilization, which has increased human 
activities in different spheres of life. On one side there was a rapid development of civilization, and on the other 
violation of the natural state of equilibrium, i.e. environment is put more and more in jeopardy. If you generally 
observe this relation, it can be concluded that in parallel with the development of civilization was destroyed the 
environment. Therefore, a man can give the most important role in all aspects of environmental degradation, of 
which one of the most significant is occurrence of landslides. 
Terrains in Bosnia and Herzegovina are characterized by conditionally stable slopes, which are stable for years and 
rarely comes to their launch due to natural factors. Mainly their conditional stability impairs by the influence of 
man, or by performing certain works. Today it is estimated that about 90% of landslides occurred in the past, as well 
as in the period of rainfall in May 2014 are related to the human factor. 
3. Characteristic landslides 
 Landslides are recorded rough terrain and submitted to the stage of research, design and remediation, in order of 
priority, which is related to the vulnerability of buildings and population Djuric et al. (2014). Field trips provided the 
identification of landslides and its elements, such as size, character scars, body, feet and the entire moved mass, the 
causes, the composition of the cover, sliding body and the substrate, and the consequences of sliding across facilities 
and infrastructure. On landslides where the frontal or lateral scars were, samples that are more significant were taken 
for laboratory tests. 
Large number of of landslides different in size of affected area, character of the sliding process, the threat of all 
types of buildings, farmland and river flows, makes it difficult to choice landslides for presentation. Therefore, this 
paper will present landslides on the territorial principle, since they are present in the wider area of Bosnia and 
Herzegovina, Djuric (2014), Fig. 1.  
 

Fig. 1. Location of presented landslides. 
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3.1. Municipality of Banja Luka, landslides and their character 
On the local road was noted more landslides of different sizes of which some are of a length exceeding 50 m and a 
width of about 80 m. Also were damaged pipelines and cables that go next to the road. It is endangered more 
individual residential buildings. Landslides are formed on the slopes of inclination of 23– 420, picture 3. Besides 
material of the embankment from the excavation of road cuttings, some landslides affected the basic rock masses 
represented by marls, shales and clastics, which alternately rotate within the flysch sequences. The basic rock 
masses has been extensively harvested and tectonically cracked, which are characterized by mottled texture and thin 
plate with often-unfavourable downs layers that follow inclination of the slope. Top of landslide in the level above 
or below the road, and frontal scar reaches a height of 2.0 m. Landslides are active with a tendency of spreading the 
sliding deformation especially in the forehead. 
3.2. Municipality of Doboj landslides 
Landslides have affected local roads, which connect several villages. In this direction is endangered several dozens 
of individual residential buildings. Landslides are formed on slopes steeper app 25 – 300, length 20 – 250 m, and 
width of 30 – 200 m, picture 4. 
Mainly are occurring in the material eluviation alluvial cover, where the rock mass was launched by marly 
sediments that are a substrate field. The mechanism of the landslide is characterized by a complex process. 
Landslide morphology makes restless undulating with a larger number of recesses and protrusions paunchy.  Frontal 
scars are steep up to 2m. In the lower part, landslides are generally near surface flows of mountain streams, which 
undermined their stability and spread into the hinterland and laterally, Djuric (2010).  
On most landslides is noticed some significant area of increased humidity and water saturated. Certain landslides 
were activated in previous years but they were not threated because do not intact the objects. After May same year, 
rainfalls continued and violated conditional slope stability and many new landslides activity occurred. 
 
     
Fig. 2. Road and building endangered with active landslide. 
 
Object on picture 4, right was repaired in 2012 with supporting concrete wall, which was stable until the rainfall in 
May of 2014, when together with the landslide was started and deformed. To creation of remedial measures did not 
preceded a geotechnical field-testing, which is visible on the wall that remained in moved rock mass. Since the 
landslide in active with tendency of further expansion especially in the frontal, geotechnical tests have been 
conducted with exploration wells, depth of 8 - 10 m, laboratory testing and given proposal of remediation. The 
adopted parameters for geotechnical analysis were: 
x surface layer - clayish dusty sandy sediments unit weight Ȗ = 19.5 kN/m3; angle of friction M=14°; effective 
cohesion c =19kN/m2; oedometric modulus Mv(0–100) = 2700kN/m2 
x the substrate layer –marl clay: Ȗ = 19.8 kN/m3 ;M = 18°;  c = 26 kN/m2  Mv(0–100) = 3800 kN/m2. 
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Besides the endangerment of buildings and roads, in certain parts of the field are threatened only local road. They 
are of importance because of linking settlements, so need require rapid remediation. Some roads were damaged with 
landslides at more places at time, so it is impossible fully remediate them, and it cannot be abandoned. On Fig. 2, 
left shows the landslide of consequent type, formed at the contact of material of eluviation-alluvial cover and basic 
rock masses, and is moving toward junction. 
 
     
Fig. 3. Local road endangered by landslides. 
Landslide on Fig. 3, right originated in the materials of embankment disposed from the excavation of road cuts in its 
construction and moving down the slope. Its movement down the slope undermined the stability of slopes in the 
hinterland, which led to damaging of the road, with the tendency of complete transection of its route 
3.3. Municipality of Lopare, landslides  
The municipality is in terms of geomorphology a hilly mountain type, interspersed with local roads that connect a 
large number of settlements and regional roads, which connect major cities in Bosnia and Herzegovina. In the 
municipality have been noted rainfall to 270 mm, which resulted in the creation of over 1,500 landslides. Almost all 
roads are damaged; even those that were built in the seventies of the twentieth century, and to this period were 
stable. The highest number of landslides is of consequent type, where the surface of the rock mass started at a stable 
surface. On steep slopes, skating took place rapidly, with the started rock mass moved down all before it.  
 
    
Fig. 4. Shear surface initial at active zone, water erosion caused mudflows (right). 
Objects and cutting roads completely disappeared. Also characteristic are landslides that had shape of "block 
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shifting rock massif”. The causes of landslides are related to violation of conditionally stable slopes of larger scale. 
The lower parts of the slopes are in contact with the surface flows and are of slight incline, constructed from 
sediments that have rock properties. Mainly in that part are unstable and develop landslides in the hinterland. Intense 
rainfall collapsed the natural state of equilibrium, where the lower part of the slope lost stable support, which was 
demonstrated by ripping the greater part of the slope. The movement of ripped part of the rock massif is different, 
and the consequences are catastrophic, from damage to the complete destruction of objects. On picture 6, right is 
shown the block movement, whereby the ripped part is creating a "moat" dimensions about 200 x 70 m, and depth 
10 m. Characteristic landslide is on slopes over a local road that connects one of the highest peaks of the mountain 
Majevica. Landslides are of large-scale, length to several hundred meters and width up to 100 m. Contact sediments 
that started the rock mass and stable substrate are in liquid form where water-soaked - liquid clay sediments come 
out on the road and completely stop traffic. Flow is to such an extent that the road cannot be cleaned, there was no 
access for several hours, but continually comes liquefied material, “slika”.  Occasionally is done the removal of a 
liquid material for quick passage of vehicles for local settlements. 
The liquid material on the road comes from bottom part of the landslide, which extends along the slope. Landslide 
has a rectangular shape, because on the entire length is maintaining a constant width. It is located in the banket, 
which started, in the upper part. Frontal scar is very steep, height of about 10 m, where it is noted the presence of 
sandstone and marl light grey, figure 4, right. Above the forehead scar passes the local roads, which in the lower part 
of the landslide is exposed to material flow. 
4.  Conclusion 
Landslides that occurred during the May rainfall of 2014 are related to the slopes of the terrain. The largest part of 
the landslide occurred in areas of terrain where was carried out the construction activity, i.e. the construction of 
certain facilities. A smaller part of landslides are the result of geological processes on terrains that were previously 
treated as agricultural land and then were abandoned or are an overgrown forest land. 
Restoration of landslides requires large resources, and Bosnia and Herzegovina does not have these resources. Work 
will begin on remediation of landslides that threaten the objects that are significant for the population. These are 
mainly roads and other infrastructure facilities that connect the larger population. A large number of landslides is not 
interesting for remediation because their remediation is significantly higher than the endangered facilities Djuric et 
al. (2010), Djuric (2014).  
In the following period, activities will focus on the development of management plans of natural disasters, related to 
increase in intensity of rainfall. Work will include maps of the terrain according to their stability and record all 
existing landslides, as well as the possibility of new landslides in terms of increased rainfall. 
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